Introduction.-Recent studies i n t h i n f i l m a-P have emphasized t h a t i n t r i n s i c v a r i a t i o n s i n network s t r u c t u r e may a r i s e w i t h deposition conditions. Both Raman s c a t t e r i n q and low-angle x-ray d i f f r a c t i o n measurements suggest t h a t s t a t i c and dynamic c o r r e l a t i o n e f f e c t s are present as a consequence o f intermediate-range order, i.e., order beyond t h e f i r s t coordination s h e l l (1,2). Given these s t r u ct u r a l and v i b r a t i o n a l r e s u l t s i t i s o f i n t e r e s t t o i n q u i r e i f t h e e l e c t r o n i c s t a t e s o f a-P are a l s o influenced by s t r u c t u r a l c o r r e l a t i o n s o f intermediate range. I n c o n t r a s t t o s t r u c t u r a l and v i b r a t i o n a l probes, o p t i c a l absorption measurements a r e more d i f f i c u l t t o associate w i t h s t r u c t u r a l modifications.
I n addition, e x t r i n s i c e f f e c t s associated w i t h voids o r m i c r o s t r u c t u r e i n general, may a l s o p l a y a r o l e t h a t requires consideration.
I n t h e present study we focus on m o d i f i c a t i o n s o f t h e o p t i c a l spectra i n t h e near gap region on sputtered a-P f i l m s prepared under conditions o f r e l a t i v e l y high order as deduced from Raman s c a t t e r i n q and x-ray d i f f r a c t i o n measurements.
The i n f l u e n c e o f short-range order and f i l m morphology on t h e o p t i c a l spectra w i l l be presented elsewhere. The r e s u l t s discussed below suggest t h a t i n ordered a-P f i l m s intermediate-range order a l s o modifies t h e e l e c t r o n i c s t a t e s v i a s t r u c t u r a l c o r r e l a t i o n effects.
The absorption spectra a l s o i n d i c a t e t h a t t h e Urbach slope i s not s e n s i t i v e t o i n t e rmediate-range order, but may, i n c o n t r a s t t o e a r l i e r suggestions (3) vary i n e i emental semiconductors o f s i m i l a r coordination.
Experiment.-To s y s t e m a t i c a l l y study v a r i a t i o n s i n t h e physical p r o p e r t i e s o f a-P f i l m s t h e rf plasma deposition c o n d i t i o n s i n a planar diode s p u t t e r i n g system were f i x e d and only t h e substrate temperature modified. The temperature o f t h e films was determined d i r e c t l y by a t h i n f i l m Ag-A1 thermocouple.
An Ar pressure o f 60 P and a cathode-anode separation o f 2" were employed t o thermalize t h e i n c i d e n t P species and y i e l d ordered films.
The t a r g e t employed was a 2" diameter piece o f p o l y c r y s t a l l i n e black P. Reflectance and transmittance measurements were performed on a Cary 14 system f o r 0.5-15 p t h i c k films.
The absorption coeff i c i e n t and index o f r e f r a c t i o n were determined by s o l v i n g t h e appropriate f i l m p l u s substrate equations (4) using a microcomputer.
Results and Discussion.-In Fig. 1 This value i s approximztely 30% lower than t h a t o f bulk a-As o f 11.9 ev-1 (3).
Previous observations i n elemental amorphous semiconductors have l e d some observers t o suggest t h a t t h e Urbach edge i s p r i m a r i l y a f u n c t i o n o f c o o r d i n a t i o n number (3, 5) .
The r e s u l t s i n a-P as w e l l as recent measurements ( 6 ) i n l i q u i d ( I -) S which i n d i c a t e an Urbach parameter which d i f f e r s conside r a b l y from t h a t o f a-Se and a-Te imply t h a t o t h e r f a c t o r s , such as t h e degree o f covalency, may s u b s t a n t i a l l y modify r. The smaller value o f r i n a-P r e l at i v e t o a-As i m p l i e s a l a r g e r a c t i v a t i o n energy f o r e l e c t r o n delocal i z a t i o n i n a-P.
The r e l a t i v e constancy o f r w i t h The extrapolated Eo(Ts) values are shown i n Fig. 3 i n t e n s i t i e s , 11/12, i s compared t o t h e o p t i c a l gap. The i n t e n s i t i y , I 1 i s t h a t o f t h e low-angle d i f f r a c t i o n peak a t k -1.1 A-1, whose presence i n a-As, a-P and a-As(Ge)-chalcogenides has been i n t e r p r e t e V
TS f o r t h e a-
P f i l m s studied here cont r a s t s w i t h changes i n t h e Raman scatt e r i n g and low-angle x-ray d i f f r a c t i o n spectra which i n d i c a t e increasing d i s o r -
, where t h e s o l i d l i n e i s merely t o i n d i c a t e t h e -t r e n d a t h i g h TS t o an approximate -asymptotic value o f Eo -2.1 eV. This -suggests, f o r t h e s p u t t e r i n g c o n d i t i o n -employed, t h a t high Ts f i l m s tend toward _ an anneal s t a b l e state. The r e s u l t s are thus s i m i l a r t o those i n a-Ge which a l s o i n d i c a t e t h a t high substrate o r an-

d i n terms o f i n t e r m e d i a t erange o r d e r between 10-30 A (8,9). 12 i s t h e i n t e n s i t y o f t h e 'normal' d i ff r a c t i o n peak i n a-P a t k = 2.3 A-1. F o r a l a y e r -l i k e model suggested f o r t h e s t r u c t u r e o f a-P f i l m s , 11/12 i s a measure o f t h e f r a c t i o n o f m a t e r i a l t h a t
a r i a t i o n o f t h e o p t i c a l gap a l s o p r o v i d e d by t h e v a r i a t i o n o f t h e w i t h x-ray d i f f r a c t i o n i n t e n s i t y r a t i o .
Raman s p e c t r a w i t h Eo. That i n t e rThe r e c t a n g u l a r data p o i n t i s o b t a i n e d mediate-range o r d e r may s u b s t a n t i a l l y from t h e measured 11/12 ( r e f . r e c e n t t h e o r e t i c a l s t u d i e s (11) i n a-Si which suggest t h a t t h e d i h e d r a l a n g l e d i s t r i b u t i o n and r i n g s t a t i s t i c s may i n f l u e n c e t h e o p t i c a l gap.
The r e l a t i v e l y l a r g e r s h i f t o f Eo i n Fig. 4 f o r t h e l o w e s t Ts suqqests, however, t h a t o t h e r s t r u c t u r a l f a c t o r s i n v o l v i n g short-range o r d e r m o d i f i c a t i o n s may p l a y a r o l e w i t h i n c r e a s i n g disorder. T h i s i s a l s o c o n s i s t e n t w i t h weaker v a r i a t i o n s i n t h e Raman i n t e n s i t y f o r s e l e c t e d s p e c t r a l f e a t u r e s i n t h e d e p o l a r i z e d component i n lower Ts f i l m s (1). F u r t h e r evidence f o r t h e r o l e o f intermediate-range o r d e r on t h e o p t i c a l gap i s suggested by p a r a l l e l behavior observed d u r i n g p h o t o s t r u c t u r a l t r a n s f o r m a t i o n o f a-As-chalcogenide b u l k glasses (12) .
I n p a r t i c u l a r , d u r i n g t h i s t r a n s f o rm a t i o n b o t h Eo and 11/12 decrease i n a manner q u a l i t a t i v e l y analogous t o t h a t observed i n a-P f i l m s w i t h decreasinq Ts.
Thouqh t h e d e t a i l e d 11/12 r a t i o has n o t been p u b l i s h e d i n a-AspS3, t h e s p e c t r a suggest a somewhat s i m i l a r r e l a t i v e v a r ia t i o n w i t h Eo t o t h a t observed i n a-P f i l m s . I n a d d i t i o n , r e c e n t n q r measurements (13) i n a-As-chalcogenides have shown t h a t t h e l i n e shape i s unchanged d u r i n g p h o t o s t r u c t u r a l m o d i f i c a t i o n . T h i s i m p l i e s , g i v e n t h e l o c a l s e n s i t i v i t y o f n q r measurements t o short-range order, t h a t t h e p h o t o s t r u c t u r a l e f f e c t must be assoc i a t e d w i t h v a r i a t i o n s i n o r d e r over an i n t e r m e d i a t e ranqe.
The r e s u l t s i n a-P and t h e r e l a t e d behavior o f b u l k a-As-chalcogenides suggests a common o r i g i n t h a t i n v o l v e s t h e r o l e o f intermediate-range o r d e r on' t h e e l e c t r o n i c s t a t e s near t h e band edge o f amorphous semiconductors.
The analogy i s strengthened by t h e observ a t i o n t h a t t h i n f i l m a-P a t h i g h Ts values i s an anneal s t a b l e s t a t e analogous, from a f r e e energy p o i n t o f view, t o t h a t o f t h e b u l k chalcogenide glass. Under such c o n d i t i o n s i t i s most reasonable t h a t intermediate-range o r d e r may i n f l u e n c e t h e p r o p e r t i e s of n o n c r y s t a l l i n e s o l i d s .
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